Vertical dispersal, host-finding through movement in sand and infectivity to Galleria mellonella and Popillia japonica in three strains of Steinernema glaseri, S. anomali and S. kushidai were evaluated to determine which nematode species/strain showed the best potential for control of soil-inhabiting insects such as white grubs in turf. The dispersal of S. glaseri # 328, S. kushidai and S. carpocapsae was significantly different from S. glaseri # 326 and # 330 and S. anomali in sand columns without host. Steinernema glaseri # 326 and # 330 migrated over 10 cm. Over 58 % nematodes of S. anomali were recovered from 0-10 cm sections, but the few dispersed deeper. A small portion of S. glaseri # 328 and S. kushidai dispersed in the sand column but the majority remained near the top. Three strains of S. glaseri and S. anomali caused higher mortality against G. mellonella than S. kushidai and S. carpocapsae in host-finding through movement in a sand column. Even with the application of 120 infective juveniles of S. kushidai, the mortality of G. mellonela by this nematode was lower than that by 10 infective juveniles of S. glaseri # 326 and # 330. In one-on-one assays , G. mellonella mortalities by S. glaseri # 328, S. anomali and S. carpocapsae were higher compared with those by S. glaseri # 326 and # 330, and S. kushidai. The three strains of S. glaseri, S. anomali and S. kushidai were effective against P .japonica at 1,000 infective juveniles/larva. Infectivities to G. mellonella and P. japonica also differed among the test nematode species. Jpn. J. nematol. 25 (1) 24-32 (1995 (8 , 9, 22). In addition, S. anomali (KozoDol) and S. kushidai MAMIYA were isolated from larvae in the genus Anomala (11, 14) , suggesting that they may be effective against white grubs. Thus, S. kushidai was highly pathogenic to some scarabaeid larvae (Allomyrina dichotoma (L)., Anomala cuprea HOPE, Heptophylla picea MOTSCHULSKY, Maladera japonica (MOTSCHULSKY) , and Protaetia orientalis (GORY et PERCHELON)), but not to lepidopteran larvae (Acanthoplusia agnata (STAUDIN- 
INTRODUCTION

Entomopathogenic
nematodes in the families Steinernematidae and Heterorhabditidae offer a promising alternative to chemical insecticides for the control of soil-inhabiting white grubs (Coleoptera: Scarabaeidae). Field studies have shown that Steinernema glaseri (STEINER) and Heterorhabditis bacteriophora POINAR can provide acceptable level of controls of white grubs (8 , 9, 22) . In addition, S. anomali (KozoDol) and S. kushidai MAMIYA were isolated from larvae in the genus Anomala (11, 14) , suggesting that they may be effective against white grubs. Thus, S. kushidai was highly pathogenic to some scarabaeid larvae (Allomyrina dichotoma (L)., Anomala cuprea HOPE, Heptophylla picea MOTSCHULSKY, Maladera japonica (MOTSCHULSKY) , and Protaetia orientalis (GORY et PERCHELON)), but not to lepidopteran larvae (Acanthoplusia agnata (STAUDIN- GER) and Spodoptera litura (FABRious)) (12, 15, 18, 24 
RESULTS
Vertical dispersal: Table 1 shows the vertical distribution of six nematode species/strains in 30-cm sand-column and the depth (cm) of their dispersal. Steinernema glaseri # 326 was found in all sections, but the majority occurred in the upper 5-10 and 10-15 cm sections. Those of # 328 were recovered primarily from the first two sections (0-5, 5-10 cm) , whereas # 330 was equally distributed in the deeper three sections (5-10, 10-15 and 15-20 cm) . For S. anomali, most juveniles were recovered from the 0-10 cm sections, but 6.3-14.0% of the juveniles were detected in four sections below 10 cm. However, 64.1% of S. kushidai were detected from the first section (0-5 cm) , with the remaining found primarily at 5-10 cm. Most S . carpocapsae were recovered from the first section.
The dispersal depth of S. glaseri # 326 averaged 10.2 cm, which was not significantly different from S. glaseri # 330 (12.1 cm) and S. anornali (10.6 cm) (F =31.63; df = Probit-mortality regressions of Steinernema kushidai for Galleria mellonella.
p>0.29).
Whereas the mortality by S. anomali at 96 hr after treatment did not increase compared with the other nematode species/strains (Fig. 4) . Preliminary experiments showed that S. carpocapsae was not pathogenic to P. japonica at 1,000 infective juveniles at 96 hr. The number of infective juveniles propagated by infections of S. glaseri # 326, # 328 and # 330 were 3,701, 5,071 and 2,986 per cadaver, respectively, which were not significantly different among these three strains (F = 1.83; df=2, 6; p>0.22) ( Table 2) . That of S. anomali was the highest and of Means in the same column followed by the same letter are not significantly different (p=0.05, TUKEY's studentized-range test).
DISCUSSION
Results of the present investigation showed that the vertical dispersal and infectivity differed among the nematode species/strains. We observed that there were significant differences among the three strains of S. glaseri in their vertical dispersion and host-finding in a sand column. Steinernema glaseri # 328 had less downward migration compared with S. glaseri # 326 and # 330.
However, efficacy of S. glaseri # 328 against G. mellonella in the sand column was not different from that of S. glaseri .# 326 and # 330. This is probably due to the fact that S. glaseri # 328 had higher infectivity against G. mellonella in the one-on-one assay.
Results suggest there are differences among the S. glaseri strains in host-finding and G. mellonella pathogenicity. These differences probably result from the genetic variation among strains as reported by GAUGLER et al. (5) . Steinernema carpocapsae had low potential for G. mellonella host-finding in a sand column but high infectivity in the one-on-one assay. This nematode is an ambusher type species and shows little response to host volatile cues but has strong contact response to a host as reported by Lewis et. al.(13) . CAMPBELL and GAUGLER (2) suggested that ambushers are more specialized for mobile insects near the soil surface and cruisers such as S. glaseri and S. anomali for more sedentary and/or subterranean insects. Host-finding of S. anomali through a sand column was not significantly different from S. glaseri # 326 and # 330. The infectivity of S. anomali against G. mellonella was high and at similar levels as S. glaseri # 328 and S. carpocapsae. These results suggest that S. anomali is a cruiser species as described by POINAR (20) . Except for S. carpocapsae, the other steinernematid nematodes tested here were highly pathogenic to the soil-inhabiting white grub, P. japonica. These species were originally isolated from white grubs. Comparative penetration studies into P. japonica indicates that S. carpocapsae is poorly adapted to parasitize P. japonica larvae than S. glaseri (3) . Steinernema carpocaPsae has a broad host range and is highly infective to lepidopteran larvae (19) . It is also comparatively tolerant to abiotic environmental stresses such as ultraviolet light or agrichemicals (1,4,5,21) such as fenitrothion or diazinon than S. glaseri # 326 (YAMANAKA, unpublished data). Steinernema carpocapsae may, therefore, be better adapted to survive surface environmental stresses.
Steinernema kushidai is better adapted to infect white grub but not G. mellonella or other lepidopteran insects (12, 15, 18, 24) . Our results suggest that S. kushidai is not a cruiser type species.
The low mortality of G. mellonella by this nematode in the sand column assay does not define S.
kushidai is an ambusher type species either. Nevertheless, S. kushidai did not disperse well in the sand column, however, this nematode can infect P. japonica when encountering the host. We conclude that S. kushidai may have an inactive foraging strategy for their white grub hosts. Additional studies are necessary against other insect orders.
KAYA (7) proposed the following hypothesis. The larger sized S. glaseri has abundant lipid storage reserves, and will coil and enter an inactive state when hosts are not available. The smaller S. carPocaPsae has less lipid reserves and does not coil. Thus, nematode coiling may be a key survival strategy for some nematodes. Likewise, S. kushidai remains active in physiologically balanced saline but coils in water (YAMANAKA, unpublished data). Long persistence of S. kushidai in soil or in bark compost was also reported (10, 12) . These results suggest that S. kushidai may coil and wait for an encounter with a host as reported with other steinernematid nematodes (23) . The symbiotic bacterium of S. kushidai, Xenorhabdus japonicus, (17) did not show pathogenicity against Spodoptera litura (24) and Agrotis segturn (Lepidoptera) , but showed pathogenicities against Anornala cuprea and A. diversa larvae (YAMANAKA, unpublished data) by intra-haemocoelic injection. White grubs are becoming an increasing pest on turfgrass and other agricultural commodities. Results from this study and by other researchers (8, 9) have demonstrated the potential of S. glaseri to control these pests. Scarabaeidae larvae migrate through out the root zone of their host plants. It is our opinion that as a commercial white grub control product, S. glaseri is the best candidate. Steinernerna glaseri being a cruiser type species actively hunts for potential hosts throughout the root profile and can locate hosts even during their downward migration.
The downward migration of S. kushidai, however, was limited compared to S. glaseri in the sand column bioassay. This behavior may limited its potential to effectively control of white grubs in commercial applications.
